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The management of wild or tame reindeer must be partly based on household 
studies of the pastures. This is also true for other ungulates, and studies on feeding 
behavior have been numerous. A review of the literature may be found in GoL- 
LEY and BUECHNER (1968) or PETRUSEWICZ and MACFADYEN (1970). 

The work presented here is part of the IBP-organized study of the Hardanger- 
vidda ecosystem. The team studied reindeer diet in 1970 and habitat utilization 
patterns during 1971-1973. The animals have been localized to plant communi- 
ties and the time spent in each has been measured. These data are thus available 
for a total synthesis. Detailed progress reports have been published: GAARE et al. 
(1970), GAARE and SKOGLAND (1971), SKOGLAND (1974, 1975). 

The botanical nomenclature follows Lip (1963) for higher plants, DAHL and 
KRroG (1973) for lichens and NyHoLM (1956-69) for mosses. Names of vegetation 
types have been given according to the recommendation of DAHL et al. (1971). 


The Study Area 


The alpine Hardangervidda plateau ranging from 1000—1500 m altitude with a 
total non-forest ground range of ca. 7500 km? has carried a wild reindeer herd 
since prehistoric times. The habitat shows a gradient from oceanic climate in the 
SW toa more continental climate in the NE, with an annual precipitation ranging 
from nearly 2000 mm to 500 mm. 

As this creates very different snow depths and vegetation periods, the influence 
on vegetation distribution and composition is considerable. The low alpine region 
ranges from ca 1100-1450m in the NE and 850-1200 in the SW. Within this 
region the western part is dominated by grass heaths and dwarf shrub heaths in 
which mosses play an important role. In the continental NE dwarf shrub heaths 
dominate with fruticose lichens as an important element. The greater topographic 
variation in the western and the south-western part of the range creates local 
continental pockets exploited by the reindeer during late winter migration. Mig- 
ration distances vary from 100—150 km from early winter areas to calving grounds. 
The altitudinal variation from 1000-1500 m is exploited by the reindeer in the 
western part of the range during the early and late growing season. 


sg. A 178 
rder + Lele. 30882 


aCe: 


re. feo GD aE iy ee oe 


196 E. GAARE and T. SKOGLAND 


The Reindeer Population 


The sizes of the deer were estimated by comparative analysis of mandibular 
lengths and dressed weights (REIMERS pers. comm.) to be in the category of the 
heavily-exploited Snghetta-range herd (GAARE, 1968) where lichen heath over- 
grazing was particularly evident. This evidence led to a plan for reducing the 
Hardangervidda herd to under 10000 deer in 1970. 

The population has undergone great fluctuations in size with an estimated low 
of ca. 1500 around 1930 (THAMBS-LYCHE, 1941) to an estimated high of ca. 32000 
in the middle 1960s (KRAFFT, 1970 and pers. comm.). During the second world war 
and early 1950s there was a gradual influx of at least 3000 domestic reindeer into 
the herd. The last domestic reindeer company abandoned its function in 1956 due 
to conflict and mixing with wild deer. Estimates of total population size based on 
aerial censuses (KRAFFT, pers. comm.) during the present study period 1970-73 
have varied from a summer total of 14700 in 1970 to 7600 in 1971 to 10000 in 
1972. This represents a total standing biomass of 552 t in the autumn 1972. The 
figure is based upon dressed weight x2 from the hunt in 1971 and sex and age 
structure in September 1972. The hunt may harvest about 130t of this under 
stabilized conditions. However, no hunting was allowed during the 1971 and 1972 
autumn seasons. Ground counts of herd compositions were carried out through- 
out the study period. Early summer calf to female ratios were found to vary - 
between 35%. and 54% in the period 1970-73. A first-month mean calf death 
rate of 15% (SKOGLAND, 1974) was found in all 4 years. October (rut) herd com- 
positions were found to be 13-20% calves, 2-10% yearlings, 10-11% 2*/>-year- 
old, 2.5-9% 31/,-year-old and older bucks, and about 50% females older than 21/, 
years for 1971 and 1972. During those years hunting prohibition left herd growth 
undisturbed, with an annual growth rate of 20%. 


Materials and Methods 


Food habits and plant preferences of reindeer were studied during 1970 by 
botanical analyses of culled reindeer rumen content samples and ingested plants 
collected in esophagus fistula bags. Rumen samples were collected in the field, 
preserved in FAA and screened mechanically and by running water in a 150- 
micrometer sieve mesh in the laboratory. The sample was then spread on a 
30 x 70 cm dish and 400 point identification readings were carried out through a 
10-40 x pancreatic binocular microscope (GOLLEY et al. 1968). 

Due to accidents only one 11/,-year-old buck fitted with an esophageal fistula 
(EF) was available. (Concerning fistula techniques see SKJENNEBERG et al. (1971). 
This buck and a control buck of the same age were brought to the study area 
where the main wild herd was known to graze at that time. Between sampling 
periods they stayed at a lowland farm some 250km away. EF samples were 
collected in nylon bags attached to the neck of the deer, and plants were collected 
during grazing for periods of 20 min. Samples were preserved in 70% alcohol and 
analyzed botanically in the same manner as rumen samples. Standard chemical 
analyses of rumen and EF samples were made. 
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Plant coverage in grazed areas was estimated in 33 x 100cm plots. Habitat 
utilization patterns of free-ranging undisturbed groups of deer were studied 
during 1971-73, following group movements with 10-40 X field-glasses and 
classifying animal usage of slope, aspect and phytosiological plant alliances 
(SKOGLAND, 1975). Food consumption rates were estimated by weighting EF bag- 
collected ingesta per time unit (GAARE and SKOGLAND, 1973), and by use of 
comparative literature data for related ungulates. 


Results 


Food Habits. Tables 1 and 2 show the results from the EF (esophageal fistula) 
and rumen samples. The average reading is shown together with its 80% confid- 
ence limits. In addition Fig. 1 gives a survey of the rumen samples data through 
the year. The uncertainty in plant species identification in the point readings of 
both types of samples made grouping necessary. For clarity the graph shows the 
most prevalent grouped species. It is worth mentioning however that the total 
number of species determined in 81 rumen samples was 55. This was distributed 
over 7 sample periods through the year. In addition the 52 EF samples in 
5 sample periods gave 14 more species. 

In the winter period the animals utilized a broad spectrum of available species. 
In contrast, they can afford to be more selective during the summer period. 
Species like Cetraria islandica and Cladonia mitis in the winter and Deschampsia 
caespitosa and D.flexuosa in the summer are often selected out of proportion to 
their standing biomass. The same is true for epilithic lichens in April. The selec- 
tion pattern is much the same as shown by SKJENNEBERG et al. (1971) from a 
coastal range in Northern Norway. 


Table 1. Reindeer diet shown as a percent score of 400 points read from esophageal fistula 
samples. An 80% confidence interval is given 


Month January April June July October 
No. of samples 8 vs 10 12 10 
x SOG aX, 80% x 80% x 80%, x 80% 
(sab euk mf Gi Cu 
Betula nana 0.5+0.2 0 0 tie 0.2 0 
Salix spp. 0.3+0.1 0 46 +7.4 9.6+2.5 0 
Other woody plants 49+1.8 91:4 1:5 0.3+0.1 0.1+0.0 1.5+0.6 
Carex/Eriophorum 0 2.4404 $5 1.8 Sos 17 0.3+0.2 
Other graminids 0.0+0.0 RAO 8.7+1.0 hOsect).) 42+1.6 
Forbs 0 0 144 +70 41 +69 1.4+0.5 
Mosses 0.8+0.5 44+0.4 2.8+0.5 0.3+0.1 0.7+0.3 
Mushrooms 0 0 0 0 3.8+3.1 
Cetraria spp. 19 +2.5 46 +2.0 8.6+ 1.9 LO geet 2e/ 43 +60 
Cladina group 65 +3.4 9 Sat alel Sete tal Oe ine ee) 42 +56 
Other epigeic lichens 4.0+0.9 9.0+1.4 4.8+42.4 0.6 + 0.2 1.8+0.4 
Epilithic lichens 0 TASE Wel 0) 0 0 
Litter (Sigaiire d el) 11 +11 4.8+0.8 1.0+0.5 2.1+0.4 
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% content 


Fig. 1. Reindeer diet, Hardangervidda 1970. Based on 82 rumen content samples. From top to 
bottom the percentage score of the following plant groups is shown: Mosses, Epilithic lichens, 
Epigeic lichens, Forbs, Graminids, Litter and Woody plants 


Most of the woody plants eaten are leaves, but in the winter period only the 
evergreens fall into this group. Leaves of Betula nana and other shrubs are part of 
the litter from October to early June. Most of the litter group consists of dead 
leaves from shrubs. Together with mosses they form part of the winter diet which 
is unavoidably ingested during lichen grazing, so that litter is scarce in the sum- 
mer diet from July to September. 

The EF and rumen samples show some distinct differences. Lichens show the 
highest content in the ramen samples during the summer while the EF samples 
show the highest lichen content in the winter period. Graminids show consistently 
the highest score in the rumen samples, especially in the summer. Forbs score 
highest in the EF samples. 

A difference is also evident in chemical composition, shown in Fig. 2. From 
early June to December rumen analysis shows a slightly increasing sugar and 
nitrogen content, and a slightly decreasing fiber content. Clipped plant samples 
showed in the same period an even N content of about 3% till August, then a 
marked drop in December to about 1%. Plant clippings were taken in 1971. The 
fiber content of clipped samples was 27-28% from June to August, and dropped 
to 21% in December. This pattern compares well with the fiber content of rumen 
samples. 

The variation between samples from the same period is larger in the botanical 
than in the chemical analyses and consistently greater in the EF samples than in 
the rumen samples. 


Habitat Utilization Pattern. During the annual cycle of movement, the deer 
roam a variety of seasonal range types and plant alliances. Most vegetation 
receives some use, as also indicated by the rumen and EF samples. The reindeer 
pattern of feeding is very extensive: they nibble at the ground as they move, 
aggregate in spots of feeding interest and disperse again when food is abundant. 
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Fig.2. Percentage composition of fistula and rumen content samples. A 95% confidence 
interval is indicated 


Distances moved each day vary with season and external factors such as weather 
and harassment by insects and predators. By continuous observation a certain 
annual range-use pattern was established. Figure 3 shows the part of Hardanger- 
vidda frequented seasonally by at least 60% of the population, 1.e. 4000-6000 
deer, and Table 3 shows the mean percentage of the year the deer spent in various 
plant alliances and vegetation types. The eastern winter lichen heaths were en- 
tirely of the Arctostaphylio-Cetrarion nivalis type (Table 3). Grass-dominated 
associations of the Phyllodoco-Vaccinion myrtilli were important particulary 
during the spring season, and during the summer. 

Small scattered groups, particularly male bands, could be found outside the 
hatched area especially near glaciers and other inaccessible western mountains, 
but the home range usage pattern of the majority of the herd was regular within 
the seasons over the 4-year study period. Important alliances were Nardo-Cari- 
cion bigelowii, Lactucion alpina and Caricion canescentis-nigrae. 
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Fig. 3. Map showing main reindeer home range 1970-1973 at Hardangervidda 


Table 3. Reindeer grazing time (percentage of the year), and estimated amounts consumed, 
from different vegetation types and alliances. Grazing percentages are means for the 1971-73 
period. Annual consumption by the total reindeer herd in tons dry matter (DM) 


% of year Consumed 
tons DM 
Chionophobous lichen heath (total) 43.1 
Arctostaphylio-Cetrarion nivalis 43.1 3129 
Graminid or forb-rich associations of moderately 
chionophobous alliances (total) 15.9 
Kobresio-Dryadion 1.4 102 
Juncion trifidi scandinavicum eal 152 
Potentillo-Polygonion vivipari isl 80 
Phyllodoco-Vaccinion myrtilli Li 820 
Chionophilous graminid or forb-rich heaths 
and meadows (total) £955 
Nardo-Caricion bigelowii 15.7, 1140 
Ranunculo-Oxyrion digynae 3.8 276 
Chionophilous tall herb meadow (total) 11.6 
Lactucion alpinae 11.6 842 
Mires (total) 74 
Caricion canesCcentis-nigrae and Salicion myrsinitis 6.5 472 
Oxycocco-Empetrion hermaphroditi 0.9 65 
Snow beds (total) yn) 


Cassiopo-Salicion herbacea and Polarion 2) 182 
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Table 4. Observed home range size and animal density, means of 1970-1973. The number 
of the observed deer was 4000-6000 


Season Months Size Density 

km? deer km * 
Winter Nov—Mar 1270 3-5 
Spring Mar—May 610 7-10 
Calving May-June 340 12-18 
Early summer June 340 12-18 
Summer? July 320 13-19 
Total for 9 months 2900 


« Late summer and fall are excluded. During this mushroom season dispersal complicates 
density calculations. 


Table 4 shows the mean estimated seasonal and annual home range size and 
deer densities. Lowest densities were found during winter with 3-5 deer km“? 
and highest during summer, 13-19. The total range exploited by 4000-6000 deer 
was ca. 2900 km? per year, i.e. 38% of total available habitat, giving a density of 
1.42.1 reindeer m~*. 

Within the winter range an estimated 147-220 m? lichen mat were available 
per deer per day. The mean annual density observed lies within the expected 
range based on literature inferences from other studies (KELSALL, 1968). However, 
monthly densities were up to 18.5 + 0.77 determined for 9 months of the year for 
ca. 6000 deer. Densities up to 33 deer km~? were found in July during insect 
harassment in all 4 observation years. 

The small variation between months indicates that the same number of deer 
move in a clockwise manner through the seasonal biotopes. During winter a 
mean of only 25% of the landscape is available for grazing due to the snowpack 
(data based on transect lines). This means that feeding densities of up to 75 deer 
km? during the winter can be expected. This figure compares well with observed 
mean group sizes of 50-100 deer. There is a 50% chance of observing this group 
size at any time of the year (SKOGLAND, 1974). This evidence indicates that density 
might be affected both by vegetation and other external factors like predation and 
parasites with a subsequent influence on social organization. 


Food Consumption. Estimated intake rates have been calculated from the food 
entry rate into EF bags as dry matter min~! (GAARE and SKOGLAND, 1973; 
WHITE, pers. comm.). The data indicate that females have slow growth at first 
pregnancy, thus mostly following male growth to up 11/, years. Table 5 shows 
estimated annual consumption and live weight productivity during 1972. An 
annual cumulative herd intake of 7260 tons dry matter (DM) was estimated for 
the home range area, based on a population of ca. 10000 animals. This means a 
daily herd intake of ca. 20 t DM. The mean food intake in kg dry matter of plants 
per kg live weight gain of reindeer was ca. 400 kg. Mean live meat weight was ca. 
60kg km~?. Estimated annual consumption from different vegetation types, 
given in Table 3, shows that ca. 3100 tons DM were taken from the most impor- 
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Table 5. Estimated plant consumption (dry matter) and live weight productivity in the 
reindeer herd during 1972. The calculation is based on the censused herd size of ca. 10000 


Sex and age Live weight Food Herd Herd Live weight 
increase intake % consumption production 
kg yr? kg deer *yr™* tons yr! tons yr~! 

Calf 2 250 2h 522 48 

Yearling 2 3 22 450 10 450 44 

Male 2 yr 15 900 11 1008 16 

Male 3 yr+ 14 1350 9 1269 13 

Female 2 yr + 12 827 48 4010 58 

7260 180 


tant community, the lichen-rich Arctostaphylio-Cetrarion nivalis alliance, during 
a year. 

Data for the effects of trampling on lichen mats and material removed but not 
eaten are not available from this study. A pilot test from a different mountain area 
in Rgros, Norway, with a considerably greater standing biomass of lichen, gave a 
figure for material removed but not eaten during the snow season of 103g 
DM m ? (n=6 SD =71). Compared to estimated consumption of 10g DMm “? 
this gave a spillage factor of 10. 


Discussion 


Data are presented both from EF and rumen content samples. The clear 
difference between them is undoubtedly due to differences in digestibility and 
variable resistance to mechanical breakage of different food plants. In addition 
there may be differences caused by the general nutritional status of wild animals 
and the penned artificially-fed EF animal. It is believed however that rumen 
content samples give a more reliable quantitative picture of the diet than EF 
samples, but that EF sampling from preselected areas could give a good indica- 
tion of individual plant preferences. 

HOEHNE et al. (1967) found that salivary contamination and preparation in- 
fluenced the chemical composition of EF samples. Crude protein and carbohy- 
drates were lower in EF samples than amounts fed, but in most cases crude fiber 
and in all cases lignin were not affected by EF sampling. In this study deviations 
in fiber content in the EF, rumen and clipped samples were not found, but the 
nitrogen level and the sugar level of the rumen contents were less fluctuating than 
in clipped and EF samples. The microbial activity and buffering capacity of the 
rumen system could explain the smaller seasonal variation in the nitrogen level of 
the rumen contents. 

The differences between years (1971-1973) in the reindeer use of plant alli- 
ances were small. Snow conditions early in winter (December) influencing dig- 
ging, initiation of snow-melt in the spring (May), and the weather conditions 
during the summer season (July-August) influenced use of plant alliances both 
geographically and altitudinally. During the winter only the lichen heath Arcto- 
staphylio-Cetrarion nivalis alliance is normally available for grazing on the wind- 
blown ridges. Variable snow pack and spring melt-off then expose other heath 


204 E. GAARE and T. SKOGLAND 


communities lower down the slopes, first Phyllodoco-Vaccinion myrtilli in the 
low alpine zone and Juncion trifidi scandinavicum in the middle alpine zone and 
subsequently communities like Nardo-Caricion bigelowii and Lactucion alpinae 
in the low alpine zone and the Potentillo-Polygonion viviparum and Ranunculo- 
Oxyrion digynae alliances in the middle alpine zone. All the 4 years of this study 
had different snow pack, snow-melt, temperature and precipitation conditions. 
The reindeer consistently used the same seasonal areas, but dispersed altitudinally 
within the area during grazing according to vegetational zonation, slope and 
aspect with the most favorable conditions at any time. Only during August was 
there a marked geographical dispersion based on two strategies: either to follow 
the spring progression altitudinally up toward the glaciers on snow bed communi- 
ties, Cassiopo-Salicion herbacea and Polarion, or to move toward the lower, more 
continental winter range where mushrooms could be fruiting in August in the 
Phyllodoco-Vaccinion myrtilli and Lactucion alpinae alliances. The ecology of 
mushrooms is poorly understood, but humid and warm weather seems to favor 
fruiting in mid-August in low alpine regions. 

The high spillage factor of 10 found in a pilot study of material removed during 
winter lichen grazing by digging in snow is considerable. The reindeer at Hardan- 
gervidda spend at least 80% of their active time during December-February 
digging 1n snow to obtain food, while from March—May they graze mostly bare- 
blown and sun-exposed ridges free of snow. During grazing on snow-free ground 
the deer would not waste lichens to the same extent simply because pawing is 
unnecessary. A high standing biomass of lichen heath would presumably also 
lower the amount of material removed but not eaten during snow pawing. It 
seems reasonable to assume, however, that the Hardangervidda reindeer in about 
20% of their annual time spent in the Arctostaphylio-Cetrarion nivalis alliance 
remove up to 15000 tons due to pawing in the snow. 

Field observations have shown that most of the early winter snow digging is 
from the Betula nana—Cladonia alpestris association in the lower part of the 
Arctostaphylio-Cetrarion nivalis alliance and that the largest part of material 
removed is Cladonia alpestris. WHITE (pers. comm.) has shown that the in vitro 
digestibility of C. alpestris is only 16% compared to 77% for Cetraria cucullata. 
The rumen content samples have shown a very low proportion of C. alpestris in 
the diet compared to other Cladonia and Cetraria spp. This seems to indicate that 
reindeer have a very low preference for C. alpestris and that they mainly select 
C. mitis in associations of Betula nana—C. alpestris. In late winter they confine 
most of their grazing to the Empetrum hermaphroditum—Cetraria nivalis associa- 
tion with C. nivalis, C. cucullata and C. mitis free of snow. 

It is concluded that the considerable waste of C. alpestris is largely due to the 
active search for preferred lichen species under the snow cover. 
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